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WATIONAL ADVISORY COMMITTEE FOR AEZRONAUTICS

TECHNICAL NOTE-NO. 631

WIND~-TUNNEL TESTS OF CARBURETOR-INTAKE RAMS

By Frank H. Highley
SUMMARY

An investigation was conducted in the N.A.C.A. 20~
foot wind tunnel of the ramming effect of three general
types of carburetor-intake rams for radial engines, name-
ly, the internal constant-area type, the external constant-
area type, and the external evpanding type. The rams were
installed on a radial air-cooled engine nacelle and tests
were made with and without the propeller operating.

The internal constant-area type secures air for the
carburetor from within the engine cowling and forward of
the engine cylinders. One entrance shape and five locations
were investigated. The external constant-arsa type gecures
air for the carburetor from the air stream outside the en-
gine cowling. Two cntrance shapos and two locations wore
investigated. The extornal expanding typc seccures alr at
hlgh volocity from the air strcam outside the cngino cowl=
ing and roduces its velocity and increasecs its pressure by
an oxvanding tube boforc it rcaches the carburetor. One
entrancce shape and two locations were investigated. This
type is characterized by having a smaller frontal area than

the external constant-ares type. The roesults indicated that:

The exbternal types having entrances near the front of
the ongine cowling gave the greatest ramming offect.

The propoller increased the ramming effoct for the ex-
ternal types.

From considerations of ramming effect, the best en-
trance location for the external types was close to the
nose of the ongine cowling; for the intornal type, the
best location was in a plane perpendicular to the prépoller
shaft and immediately forward of the ongino cylindors.

INTRODUCTION

A carburctor-intake ram is a device used to increase
the carburesor-intake vressure through tho usc of the dy-
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namic pressure due to forward motion. This increase in
carburetor-intake pressure results in several increases in
englne performance, namely, increased full-throttle power
at the same altitude, increased critical altitude, and pos-—
sible incroaged cruising sltitude.

The use of carburetor intuke rams is not new for many
instellations may bo observed. The rams in use fall into
two classes?! the internal constant=area type and the ox—
ternal constant-area type. In general, the internal con-
stant-area type consistw of one or more ducts passing be-
tween tho engine cylinders to the carburetor and having an
entrance so located as to obtaln alr for the cardburetor
from within the forward portion of the engine cowling.
Several entrance locations are. in use, some near the nose
of the cowling, some near the engine cylinders, some Pro-
Jecting forward, and some at an angle to the axis of the
engine and cowling. The external constant- groa tyve con-
sists, in gzeneral, of a duct leading to the cardburetor
with an entrance located somewhere on the outside of the
cowling. Here again, several entrance locations arc used.
Although nost entrances are on the cngino cowling itself,
others are to be found on fthe forward portion of the fuse~
lage or nacelleo and a few in the leading edge of the wing,
closs to the fuselage or nacelle, _—

From the variety of installations observed and from
the lack of publighed information, it is apparent that
there is very little information available concerning the
proper entrance location and the ramming effect of the
various types of carburetor-intake raoms.

Tho prosent investigation was made in conjunction
with propeller tests conducted in the N.A.C.A. 20~foot
wind funnel, e

If the offect —of tho propeller is neglected, it is
anparent that the maximum prcssure obtainable from the _
alr stream is the dynamic pressure duc to the farward ve-
locity of. the airplanc. Not all of +this dynamic pressure
is avallable for increasing the carburetor-intake pres-—
sure, however, since lossesg occur in the carburetor-inteke
rame Frlctlon lossocs arc present in every ram and cannot
be eliminated. Another loss oxists in the form of an en-
trance loss, poart of which is due to the entrance shape
and location and part to the fact that the velocity of
the air ontering the ram must be reduced from that of the
air stream to the velocity required ot %the ca;buretor.

i

i
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As thig reduction in velocity occurs without expansion in
the case of thoe extornal constant-area type, it is reason-
able to expect losses due to spillage and turbulence to
exigt. If it were possible to take air into the ram at
the volocity of the air stream and expand it until its ve-
locity were rcduced to that required at the carburetor, it

should beo possible to eliminate the” losses dué to gpillage

and turbulence.

Figures 1 and 2 show the pressure and VOlOCitJ digtri-
bution on radial-engine cowling nose 6 of reference 1,
Figure 2 shows that the highest velocity occurs near the
nose of the cowling. The external expanding type was con-
structed to investigate the effect that may be obtained by
reducing the velocity of the air and increasing its pres—

sure by an expanding tube and the effect of placing the en-—

trance in. the high-velocity region od the cowling.
APPARATUS AKD METHODS

The rams were constructed of sheet metal and were in-.
stalled on a radial air-cooled engine nacelle (fig. 3).
Plow conditions through a radial engine were simulated by
means of a perforated plate. For the investigation of the
effect of .the propeller, power was supplied by a Curtiss
Conqueror engine installed in the nacelle., The pitch an-
gle of. the nacelle was zero for.all tests.

The internal constant-area type of ram was located
inside the engine cowling (fig. 4). Five-entrances, all
having the game cross—sectional area and shavpe but differ-
ent locations, were investigated. The velotity of the air
through the ram was controlled by a manually operated dan—
pver valve, The velocity and pressure of the alir in the ram
were meagured with threoe total-head tubes and one static—
head tube,

The external constant-area type wns located on the
otvtside of the engine cowling and, because of its large
size, was nrovided with a streamline fairing extending
back over the nacclle (figs. 3 and 5). Two cntrance shapes

and two enfrance locations.were investigated. Thc_veloclty
of the air tnrouﬁh the ram was conftrqlled by a manually op-
erated damper valve. The velocity and pressure of the air
in the ram were measured with five total- head tubes and

one st&‘blc-he&d tube. . . T -- - . nT—/——
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The external expanding type (fig. 6) was installed on
the outside of the engine cowling but, because of 1ts_gmall
gize, no fairing wad provided. One entrance shape and two
entrance locations were investigated. The total head and
the static head exlsting in the ram were measured with
three total~head tubes and one static~head tube. The ailr
was not expanded in the ram but the effect of expansion
was assumed to be such that the total head remained con-
steants

The total head and static head in the rams and the
wind-tunnel velocity were measured,

Since the velocity of the air in the ram at the car-—
buretor VR and the velocity of the alr stream V are

both variable, it was found advantageous to plot E/q
agalngt the nondimensgsional gquantity (VR/V) where

p is the increase in total head of the carburetor.

q, dynamic pressure due to the air-stream velocity V.
PESULTS AND DISCUSSION

Figures 7 to 9 show the effect of entrance location
for the three types; the two external types were tested
without the propeller and with the propeller eperating.
Figures 10 and 11 show the comparisgon between the best en-
trance locations for the three types tested, both with and
wlthout the prepeller.

Figure 7 shows that .entrance 1 of the internal coun-
stant-area type is superior to the other entrances tegted
throughout the entire range of valuee of (VR/V) En~

trance 5 is definitely the worst entrance tested. Examl-
nation of figures 1 and 2 shows that thls condition is to
be expected, since entrance 1 is in a positive-pressurse
region and entrance 5 is located in a negative-pressure
region. The fact that the curves of figure 7 are very
nearly straight linee indicates that no entrance loss oc-
curs with the internal constant-area type. This result is
to be expected because the air inside the eng;ne cowling
has little or no velocity.

Figure 8 shows that, for the external constant-area
type withaut propeller, entrance 1 i1s the best entrance
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tested for most values of (VR/V)E. This result may be

due in a large part to the fact that entrance 1 is'slighf—
ly larger than entranceg 2 and 3. ZEntrance losses seem
to be very large, entrance 3 being affected the least.

Figure 9 shows that, for the external expandlng type
without propeller, the best entrance tested is entrance 2.
The superlority of entrance 2 is probably due to the fact

that there is some loss in energy in the air stream as i%
goes around the nose of the cowling; thig loss results in
less available total head at entrance 1 than at entrance 2.

Figure 8 shows that the effec}t of the proépeller on
the external constant-area tyve is to increase the ramming
effect of 2ll the entrances tested. The greatest increasse
is with entrance 3, probably becauss the increase in stat-
lc pressure caused by the propecller is greatest close to
the provsller.

=

Figure 9 .shows that, with the external expanding
type, the greatest increase in ramming effect due to the

proneller ig obtained with entrance 1. This result is

probably due to the fact that the increase in static pres—

sure caused by the proveller is partly offset, with en-
trance 2, by a change in the direction of the air flow

around the nose of the cowling, thus making it impossible

"to obtain the full total head of the air stream in the en—
trance of the ranm.

io tests of the ef:ect of the propeller on the 1nter—

nal constant-area type were made, as recent tests in the.
20-foot wind tunnel had shown the pressure immediately

forward of the engine cylinders to be a functlion of eo many

variables that it was impractical to make such an investi- —

gation. In general, the effect of the propeller is to re-

duce slightly the pnressure in the englne cowling. This
result would tend to reduce SIightly the ramming effect of
the internal constant-areca tyve with all entrances tested.

Figure 10 is a comparison of the three types of rams
tested without the proveller. The external expanding type

shows the highest ramming effect and the external constant-

areca type shows the lowest.

Figure 11 is & comparison of the three tyves of rams

tested with the propeller operating. The external expanding

type shows the highest ramming effect; for most values of
(Vg/7V)® the internal constant-area type shows the lowes%,
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Ag no tests were made of the internal constant-area type _
with the propeller operating, the curve for this type given
in figure 11 is for the condition of no propeller. The
effect of the propeller would be to—place this curve lower
than 1t ig shown.

It should be noted that all the curves for the exter—
nal oxpanding type are computed, each curve being based
upon one experimental point. Since different pointwy on
the curves correspond to entranccs of different—size, the
curves are. based on the assumption that the entrance losses
and friction losses are the same regardless of the size of
entrance. It ig also assumed that no loss occurs in the
expanding portion of the ram, Possibly an actual installa-
tion of this type would not produce the ramming effoect.
shown by the curves. The curves are included here to in-
dicate the upper limit of the ramming effect for this type.

Factors other than the ramming effect should be con--
sidered in the selection of a carburector-intake ram. An
attempt was made to méasure the drag of all the rams test—
ed but tho attempt wes unsuccessful, since the drag was o
small difference of two large numbers. It is rcasonable
to exwmect that the internal constant-area type has the
leasgt drag as it does not project—into the alr stream. By
virtue of itw smaller projected. arca the external expand-
ing type should have less drag than the external congtant-—
aren type. The external ecxpanding typc gives the maximum
ramming offect at only one speed. At spoeds above this
design speced, ontrance losses would be apt to occur. At
speeds below the design speod, the engine would be throt-
tled by the ram. The constant—area typos are not limited
to one specd. If it were degsired to develop full engine
power at- spoeds bolow the design speed with the external
expanding tyve, it would be necessary to furnish a second-
ary carburetor—-air supply and some sort aof valve mechanism
for switching from this secondary supply to—the ram. Be~
.causc the air forward of the cngine cylinders is heated by
the cylinders, there is a possibility that the alr furnished
by. the.internnl constant-areca type might be too hot for
proper opcration of the engine. i

CONCLUSIONS

1, Of the ramg tested, the extornal types having en-—
trances locatod near the nose of the engine cowling showed
the greatest ramming effect.

A

hi
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2+ The propeller increased the ramming effect appre-
ciably for the externsal types.

3« TFrom considerations of ramming effect, the best
entrance location tested for the external types was close
to the nose of the engine cowling at the point where the
velocity was highest. The best entrance location tested
for the internal type was in s plane perpendicular to the
propeller shaft and immedistely forward of the engine cyl~
inders.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 8, 1937,
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Figure 1l.- Pressure distribution on nose 6 of reference 1,

figure 13.
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Figure 2,- Velecity distribution on nose 6 (computeil from
figure 1.)
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Figure 3.~ External constent-area type, installed on the cowling of a
redial air-cooled engine.
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Total and siatic-head tubes.
/ /Dul'per valve .

q .\ '23- Z éJ | - -_‘

{

Figure 4.~ Internal constant-area type of cardburetor—intaks ram. . P

Entrance tal end static~head tubes.

Figure 5.- External constant-area type of carburetor-intake ram.
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Figure 6.~ External expanding type of carburetor-intake ram.
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Figure 7.~ EBffect of entrance location on internal constant-
area type of carburetor-intake ram.
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Figure 8.- Effect of entrance location on external
ared type of carburetor-intake ram.
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Figure 9.- Effect of entrance location on extsrnal expaniing
type of carburetor-intake ram.
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Figure 10.- Comparison of three types of carburetor-inteke rams.
Best entrance locations; no propeller. ’
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Figure 11.-Comparisen of three types of carburetor-intake rams.
Best entrance locations; 3-blade propeller 5868-9
set 15° at 0.75R; V/nD = 0.716 (average).
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